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Abstract 

We recast the problem of infinite neutral nonrelativistic matter inter- 
acting via U(l) gauge fields in the hydrodynamic language. We treat the 
nuclei as being spinless bosons for simplicity (for example in He4). We 
write down the formal action in terms of a full set of independent hy- 
drodynamic gauge invariant variables. The claim is that the results of 
this theory are nonperturbative and nuclei and electrons are treated on 
an equal footing. 

1 The Theory 

Consider the action for neutral matter composed of electrons and nuclei which 
we assume are all spin-zero point particles. 
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Here J = L dt J (Px. We want this to be invariant under gauge transforma- 
tions. 

M^a) ^ e— ^W ^e(xa) (2) 

V-ivCx) ^ e'^"^''(^) V^jv(x) (3) 

Thus we have to couple to gauge fields. The invariant action with gauge fields 
reads as follows. 



-^/b.^Is^,- /V (4) 
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Thus in addition wc have to perform the replacements, 

ylo ^ Ao + dtO 

A^ A + V6' 
Now we polar decompose the fields, 



ipe = e^^-e ^''^Vp^ ; ^^n = e 
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We further postulate that V$e = 0, this aditional phase reflects the fermionic 
character of i/'e • 



S= VP^ Ce - 9t$ 
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+ |1(E2 + B2) (8) 

e</. + at He = Ce (9) 
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'VHe + - A == Ce 
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E = -V</)- 
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B = V X A 

Zm\/TIp — Vllfv = ZnC„ — ZmC 
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ZmQi^c + dtli^N — ZpfCe — ZnCn 



-ZN^dtHe - \/dtIlN = ZNdtC, - ZNdtCN 



ZAratVEe + dtS/HN = ^ArVCe - Zn\/Cn 
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S= \peCe- Pedt^e - 
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+ |i(E2 + B2) (19) 

= 9tCe - atC^ + VCe - VC^ (20) 

-B = V X Cat (21) 

c 

eE = -dtCN - VCat (22) 

9tne(xa) - atne(xa) = Ce(xa) - Ce(xa) (23) 

We may now write in terms of the Matsubara frequencies, 

ne(xa, i) - ne(xa, t) ^ 2^ e — ^ ■ — ^ ■ — - (24) 

Ce(xa,t) = CAr(x,t) - XI ^— (VCe(xa,z„) - VCAr(x,z„)) (25) 



Therefore the effective action in terms of the independent gauge invariants 
reads as foUows : 

, , , ^ ^^ (^+Pe(CAr(x,t)-E„^(Va(xa,Z„)-VCAr(x,Z„)))2' 
S ^ PeCe - PeOt'^e ;; 
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V X Cat • pe(xa) S^a 
me J 

+ / i [(^^Cat + VCAr)2 + c2 (V X C^)2] (26) 

where the fermionic phase functional is given by 

$e(b];xa) =^p_q,_„,„ C{q,a,n) e^-^'^e^"* (27) 



where (pqQ,n/0-qa,-n)o i^ the density-density correlation function of the nonin- 
teracting Fermi (electron) theory. 



